Abstract: Association between Liver Dysfunction and Hyperglycemia in Japanese Male Workers at Printing and Papermaking Plants: Takero KAIDO, et al., Osaka Prefecture College of Nursing-This cohort study investigated the association between liver dysfunction and two types of impaired glucose metabolism, i.e., hyperglycemia (HG) and quasidiabetes mellitus (quasi-DM) (quasi-DM was treated as a subset of HG). Accordingly, the study consists of a quasi-DM study and an HG study. Study subjects were middle-aged male workers at printing and papermaking plants who participated in both 1993 and 1997 annual health checkups. In the quasi-DM study, the number of subjects was 1,422. A logistic regression model revealed that liver dysfunction (AST>40IU/l and/ or ALT>40IU/l and/or GGT>80IU/l) and obesity (BMI>=25 kg/m 2 ) in 1993 were associated with an increased risk of having quasi-DM in 1997 (odds ratio (OR) for liver dysfunction = 2.1, 95% confidence interval (CI): 1.1-4.1; OR for obesity = 2.0, 95%CI: 1.0-4.0). For alcohol intake, the relationship was positive for former drinkers and negative for current drinkers (for former drinkers, OR=2.7, 95%CI: 0.86-8.6, and for current drinkers, OR=0.39, 95%CI: 0.19-0.81). Age and smoking status did not show a meaningful association. In the HG study, the number of subjects was 1,254. In an analysis identical to that of the quasi-DM study, we found that liver dysfunction and obesity in 1993 was associated with an increased risk of having HG in 1997 (for liver dysfunction, OR=1.8, 95%CI: 1.2-2.7, and for obesity OR=1.6, 95%CI: 1.0-2.4). These analyses suggest that liver dysfunction can be a predictor of impaired glucose metabolism. Since the prevalence of diabetes mellitus (DM) will continue to rise, according to a report released by the Ministry of Health and Welfare 1) , prevention of DM is one of the most important problems in the health management of workers in industry.
Since the prevalence of diabetes mellitus (DM) will continue to rise, according to a report released by the Ministry of Health and Welfare 1) , prevention of DM is one of the most important problems in the health management of workers in industry.
The symptoms of DM are not apparent at first, and diet and exercise can sometimes control mild DM, so that the patient shows no sign of hyperglycemia (HG), but DM becomes intractable after the appearance of irreversible symptoms, such as retinopathy and nephropathy. These characteristics imply that early detection and early treatment are important. In this article we report that liver dysfunction was associated with later occurrence of HG.
Subjects and Methods
The study subjects were Japanese male workers at printing and papermaking plants. First we selected 1,579 male workers who were 40-54 yr of age in 1993. Of these, 1,499 subjects had health checkup information for both 1993 and 1997.
Two types of impaired glucose metabolism, i.e., HG and quasi-DM were analyzed in the study, because we intended to examine whether or not the association with liver dysfunction would be observed even in cases of mild impairment of glucose metabolism.
We called severer impairment of glucose metabolism "quasi-DM" which was treated as a subset of HG, because diagnostic criteria for diabetes mellitus in this study were close to the recent standard criteria 2) .
The study subjects for each analysis were as follows: 1. quasi-DM as an outcome variable (quasi-DM study) Of the 1,499 male workers, we excluded 66 subjects who were diagnosed with quasi-DM at entry (1993), and 11 subjects who had a missing value for one of the covariates, so that 1,422 subjects remained as the cohort members.
HG as an outcome variable (HG study)
Of the 1,499 male workers, we excluded 239 subjects who were diagnosed with HG at entry, and 6 male workers who had a missing value for one of the covariates. The remaining 1,254 subjects were selected for the cohort study.
As a screening test, casual plasma glucose was measured first, in combination with urine glucose. The selection criteria shown in Table 1 were determined by taking account of elapsed time since the last meal, after investigating the working conditions and lifestyle of workers in the occupational setting 3) . If the casual plasma glucose level met one of the selection criteria, the subject then underwent a 50 g oral glucose tolerance test (OGTT). Subjects who had "+" or higher in the urine glucose test also underwent 50 g OGTT. Finally, on the basis of the results of the 50 g OGTT, staging of impaired glucose metabolism was determined.
In this study, quasi-DM was defined as a fasting plasma glucose (FPG) level of 141 mg/dl or higher, and/or plasma glucose 2 h after 50 g glucose load (2hPG) of 181 mg/dl or higher; the company slightly modified the criteria recommended by the committee of the Japan Diabetes Society (JDS) in 1982 ("diabetic type" as FPG>=140 mg/ dl or FBG>=120 mg/dl and/or 2hBG>=180 mg/dl) 4) . In addition, the subjects taking diabetic treatments were defined as having quasi-DM.
HG was defined as FPG>100 mg/dl, and/or 1hPG>140 mg/dl, and/or 2hPG>110 mg/dl (JDS reported in 1970 that "normal type" was defined as FBG<=100 mg/dl and 1hBG<=140 mg/dl and 2hBG<=100 mg/dl 5) ). All the subjects diagnosed with quasi-DM based on the above criteria were also included in the "HG" group.
Liver dysfunction was defined here as asparate aminotransferase (AST) >40 IU/l and/or alanine aminotransferase (ALT) >40 IU/l and/or gamma glutamyl transferase (GGT) >80 IU/l.
Study subjects with a body mass index (BMI) of >=25 kg/m 2 were defined as obese. Two lifestyle-related factors were surveyed by means of a self-administered questionnaire during the regular health checkups. On the basis of smoking status, subjects were categorized as non-smokers, former smokers and current smokers. Similarly, subjects were classified into three groups according to their current alcohol intake status: non-drinkers, former drinkers and current drinkers.
The proportions of subjects (in percentage) by age and other covariate status are shown in Tables 2 and 3. A logistic regression model was used to identify the predictors of quasi-DM (or HG). The covariates included in the model were age, body mass index, liver dysfunction, alcohol intake, and smoking status. All analyses were carried out by the Statistical Analysis System (SAS Release 6.12).
Results

quasi-DM study
At the 1997 checkup, forty cases were newly diagnosed as quasi-DM among 1,422 subjects. The proportion of subjects with quasi-DM was 2.9% (15/523) for subjects aged 40-44 yr, 3.4% (19/554) for 45-49 yr, and 1.7% (6/ 345) for 50-54 yr. Table 4 shows the odds ratios (ORs) of the covariates by multiple logistic regression analysis. The OR for obesity and that for liver dysfunction both exceeded 2.0 and these were statistically significant at 5%. With nondrinkers as the reference group, former drinkers showed a positive association (OR=2.7, 95% confidence interval (CI): 0.86-8.6), whereas current drinkers showed a significant inverse association (OR=0.39, 95%CI: 0.19- a Obesity was defined as BMI>=25kg/m 2 . b Liver dysfunction was defined as AST>40(IU/l) and/or ALT>40(IU/l) and/or GGT>80(IU/l).
0.81). Smoking status did not show a meaningful association with quasi-DM.
2. HG study Among 1,254 subjects, there were 123 new cases of HG at the 1997 checkup. The proportion of subjects with HG was 7.5% (35/468) for those aged 40-44 yr, 11.2% (55/490) for 45-49 yr, and 11.1% (33/296) for 50-54 yr. Table 5 shows the ORs of the covariates by multiple logistic regression analysis. The OR for obesity was 1.6 (95%CI: 1.0-2.4) and the OR for liver dysfunction was 1.8 (95%CI: 1.2-2.7). The OR for the 45-49 and 50-54 yr age groups (with the 40-44 yr age group as a reference) showed a positive association (OR=1.5, 95%CI: 0.98-2.4 for the 45-49 age group and 0.92-2.5 for the 50-54 age group).
Discussion
Because the liver participates in regulating carbohydrate metabolism, it is natural that there have been articles on the association between insulin resistance and liver disorders, such as fatty liver and high aminotransferases. For example, Marchesini et al. reported that nonalcoholic fatty liver was closely associated with insulin resistance, independent of body mass index and fat distribution 6) . Knobler et al. reported that fatty liver was strongly associated with many features of insulin resistance syndrome and that the abnormalities of serum liver enzymes detected in patients were high ALT (92%), AST (77%), and GGT (52%) 7) . Furthermore, liver enzymes (ALT, AST and GGT) showed a significant positive correlation with the serum (or plasma) insulin level in previous studies [8] [9] [10] . These reports were the basis for our definition of liver dysfunction in this study: abnormality of at least one of the 3 types of liver enzymes.
As shown in Tables 4 and 5 , liver dysfunction had the highest OR among the significant covariates in each study. From the above-mentioned articles, we speculate that the liver dysfunction appeared as an early sign of insulin resistance in the study subjects, because HG typically makes its appearance after years of insulin resistance 11) . As far as we know, there have been only three epidemiologic studies: A cross-sectional study 12) , for instance, showed that the association between DM and high ALT was found among Mexican-Americans. Another study, a prospective cohort study of 7,458 nondiabetic British men aged 40-59 yr 13) , reported a strong trend, i.e., the higher the serum GGT level was, the higher the risk of NIDDM was after controlling for covariates including age, BMI, alcohol consumption, physical activity and cigarette smoking. One more example is a cohort study of 1,031 Japanese-Americans 14) . This study showed that the risk of DM increased with increasing GGT levels, but only in women. Whereas the limitation of the Japanese-American study was that alcohol intake was not taken into account, we included alcohol intake in the covariates of logistic regression models. The present study is the first cohort study indicating an association between liver dysfunction and HG among Japanese male workers. Because liver dysfunction preceded the occurrence of HG in our study, we consider that liver dysfunction can be used to predict the risk of having HG in the health management of workers. Obesity is not only one of the major risk factors for the development of DM, but also frequently coexists with other risk factors for coronary heart diseases. The combination of some of these factors, known as the deadly quartet 15) or as the syndrome of insulin resistance 16) , is attributed to insulin resistance, which may lead to type 2 DM. In our study, the OR for obesity was rather high (2.0 for quasi-DM, 1.6 for HG), even after controlling for other covariates.
Alcohol intake was included in the covariates, because the liver dysfunction in this study included GGT, which is induced by drinking, and several groups reported associations between alcohol intake and DM [17] [18] [19] . Among them, Perry et al. and Conigrave et al. reported that moderate drinking has a protective effect. The present study (the quasi-DM study) also showed a protective effect of drinking, although former drinkers showed high OR (2.7) with a relatively low p-value (p=0.09). We speculate that the protective effect of drinking would be somewhat overestimated, if drinkers who had a tendency to develop quasi-DM moved selectively to the "former drinkers" category.
No significant association between smoking status and quasi-DM (or HG) was observed in either of the present studies, although an experimental study showed that chronic cigarette smokers were more insulin resistant than a matched group of non-smokers 20) . We cannot determine whether we obtained a small OR for smoking by chance or whether smoking is actually not associated with the risk of having quasi-DM (or HG), but we can safely say that adding smoking status to the model altered neither the OR for liver dysfunction nor that for obesity.
The present study is subject to some limitations. First, the causes of liver dysfunction were unknown, because each study subject underwent neither abdominal ultrasound examination nor measurement of insulin resistance (e.g., fasting plasma insulin and glucose) at routine health checkups. Second, there might be some false negatives due to errors of classification in the screening tests. Nevertheless, the errors of classification at entry (1993) are limited, because it was reported that the proportion of subjects falsely diagnosed as non DM was small when the screening test included urine sugar and the casual plasma glucose concentration 21, 22) , and because the subjects aged 40 yr and over underwent health checkups annually. Therefore, the probability of being misclassified as having normoglycemia for years is low in each subject with the exception of those in their early forties or new cases. Effects of misdiagnosis at the 1997 checkup on the present study also seem to be limited, because the quasi-DM study and the HG study showed similar results in terms of the two main covariates, i.e., obesity and liver dysfunction. Finally, we were unable to investigate physical activity, which reportedly improves insulin sensitivity 23) . It is desirable to examine the difference between two models, i.e., with and without physical activity.
In conclusion, our findings imply that liver dysfunction is as good a predictor of hyperglycemia as obesity. Therefore, we consider that we need to start intensive diabetic counseling for obese male workers with liver dysfunction, taking account of other possible causes of liver dysfunction such as viral hepatitis and heavy drinking.
